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Search strategies for articles reporting on diagnostic test evaluations have been subjected to less research than those in the domain of
clinical trials. We set out to develop an optimal search strategy for publications on diagnostic test evaluations in general, that could be
added to keywords describing the specific diagnostic test at issue. Nine Family Medicine journals were searched from 1992 through 1995
for primary publications on diagnostic test evaluation by hand searching and a Medline search strategy published earlier. Additionally,
new search strategies have been developed with stepwise logistic regression, using Mesh terms and free text words related to diagnosis
and test evaluation as independent variables. Hand searching identified 75 primary publications on diagnostic test evaluation from a total
of 2467 primary publications. The previously published search strategy had a sensitivity of 73%, a specificity of 94%, and a positive pre-
dictive value of 29%. The most accurate new search strategy had a sensitivity of 80.0% (60/75; 95% CI: 71.0–89.1), a specificity of 97.3%
(2327/2392; 95% CI; 96.6–97.9%), a positive predictive value of 48% (95% CI: 40–56) and diagnostic odds ratio of 149. All four new strat-
egies used the Mesh term “sensitivity and specificity” (exploded with the Mesh terms “predictive value” and “ROC”)and cumulatively
added the text words “specificity,” “false negative,” “accuracy,” and “screening.” The search strategy using the Mesh term “sensitivity
and specificity” (exploded) and the text words “specificity,” “false negative,” and “accuracy” has both higher sensitivity and specificity
than the previously published strategy. The increase in specificity in three strategies reduces the absolute number of false-positive articles









With an increasing amount of scientific medical litera-
ture being published each year, it is almost impossible to
keep abreast of the actual status of knowledge in any spe-
cific field [1]. Summarizing the evidence by systematically
reviewing the available literature and pooling estimates in a
meta-analysis, when possible and useful, is also undergoing
rapid expansion [2]. In order to summarize the relevant evi-
dence, the articles at issue have to be identified. The initial
sources used in the identification of relevant publications
are often bibliographical databases, such as Medline [3].
Several authors have stressed the importance of an accurate
search strategy that incorporates both high sensitivity and
high specificity [4,5] for identifying relevant publications.
Search strategies for literature on clinical trials are avail-
able [3,6–8], but search strategies for literature on the evalu-
ation of diagnostic tests have been less well studied [9,10].
The strategies that have been published were developed for
diagnostic publications, including both publications specifi-
cally evaluating diagnostic tests and publications on clinical
diagnosis not focusing on the evaluation of specific diag-
nostic signs, symptoms, or tests [7,9]. Other search strate-
gies have been developed for the evaluation of a specific di-
agnostic test [11]. Overall, sensitive searches tend to be
weak in specificity, resulting in the selection of a large num-
ber of irrelevant publications. In view of this high number
of false positives, we wondered if it would be possible to
develop a more specific search strategy for selecting publi-
cations on diagnostic test evaluations without loosing sensi-
tivity, compared to the earlier diagnostic search strategies.
We were not interested in any specific field, but in a stan-
dard strategy that could be used in any field of interest, as is
the case for the strategies developed for identifying clinical
trials [3].
 




















2.1. Selection of a reference set of publications by 
hand search
 
In 1990 the Departments of Family Medicine of the eight
Medical Faculties in the Netherlands issued a ranking of the
most relevant medical journals in their field. For our study,
the 12 highest ranking journals were selected. Three jour-
nals—
 






 (Belgian)—were not available in
Medline, so the search was limited to the nine journals pre-
sented in Table 1. A search was started, covering publica-
tions from 1992 through 1995.
We intended to develop a search strategy for primary
publications on diagnostic test evaluation. Primary publica-
tions excluded editorials, comments, news, reviews, and
meta-analyses. We also excluded case reports and publica-
tions on animal research. Of these primary publications, we
only included publications in which at least one diagnostic
“test” (including clinical information) was compared with a
“reference standard.” 
The nine journals were hand searched by WD (MD),
blinded for any Medline search results. Titles and abstracts
were screened. Publications with titles and/or abstracts re-
lated to case reports or treatment were skipped. If title and/
or abstract gave any indication of diagnostic content (diag-
nostic keywords or text words, name of tests) or if there
were any doubts about the content, the entire publication
was read. All primary publications on diagnostic test evalu-
ation were registered. This hand search was denoted the ref-
erence standard.
The publications detected by the reference standard were
looked up in Medline and all Mesh terms (Medline sub-
heading terms) and text words related to the field of diagno-
sis or test evaluation were noted for each publication, as
presented in Medline.
 
2.2. Selection of a “control set” of publications
 
To develop and test a model for an optimal search strat-
egy, we needed a set of publications that did not concern di-
agnostic test evaluation. To overcome the burden to register
all possible Mesh terms from all 2467 primary publications,
we looked for an alternative. Using methods similar to a
nested case-control design, we decided to use the false-posi-
tive papers selected by a previously published diagnostic
search strategy as a “control” set.
As, at that moment, only Haynes [7] had published an
extensive paper on search strategies for diagnostic publica-
tions, his most sensitive and most specific search strategies
for a diagnostic publications in 1991 were used in combina-
tion. The most sensitive search (sensitivity 0.92) combined
the Mesh terms “sensitivity and specificity” exploded (ex-
ploded means also including “predictive value” and
“ROC”), “diagnosis” (all subheadings, but not exploded),
and “diagnostic use,” together with the text words “sensitiv-
ity” and “specificity.” The most specific search (specificity
0.98) combined only the exploded Mesh term “sensitivity
and specificity” and the text words “predictive value” (or
values). So, we added the text words “predictive value” to
his most sensitive search strategy.
To limit the results of the above-mentioned searches to
the nine journals included in our study, we selected these
journals in Medline and combined their references by
means of the Boolean term OR (terms enabling combina-
tions of search terms), which produced the entire set of ref-
erences published in these journals and available in Med-
line. This set of references was merged with the results of
the Haynes searches by means of the Boolean AND, result-
ing in a set of diagnostic references for these journals.
Subsequently, the resulting set of references was first
limited to the years 1992 through 1995, and secondly to pri-
mary publications, by excluding reviews, meta-analyses,
comments, editorials, and news in the limitation feature un-
der “JOURNAL TYPE.” It was further limited by excluding
case reports (Mesh term) and papers on animal research.
 
2.3. Development of the new search strategy
 
Univariate analysis was used to calculate sensitivity,
specificity, and the diagnostic odds ratio of all relevant
Mesh terms and diagnostic text words. Sensitivity of a
search term was defined as the proportion of the publica-
tions of the reference set identified by the search term, spec-
ificity as the proportion of the publications in the control set





 positive likelihood ratio/negative likehood ratio)
as a parameter for discrimination between the reference set
of publications and the control set.
Models for a search strategy were developed by forward
stepwise logistic regression analysis aiming at a correct
classification of these publications into the categories “test
evaluation” or “non-test evaluation.” 
All diagnostic Mesh terms and text words were options
 
Table 1
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Excluding editorials, comments, news, reviews, meta-analyses, case
reports, and animal research.
 




for selection in the model in two phases. Firstly, only Mesh
terms were options for inclusion and, secondly, in the re-
sulting model the text words were added as options. Finally,
the program presented the most predictive combinations of
Mesh terms and text words.
The models were validated on the same sample of jour-
nals, by using them as search strategies in Medline and by
comparing them with the findings of the most sensitive
search strategy proposed by Haynes.
Sensitivity, specificity (with confidence intervals), and di-
agnostic odds ratios were calculated for four cumulative mod-
els with increasing numbers of text words. Sensitivity of a
model was similar to the definition used for individual search
terms. Specificity of a model was defined as the correctly clas-
sified proportion of all primary publications not belonging to
the reference set. Diagnostic odds ratios were calculated as pa-
rameters for the power of the model to discriminate between
the reference set and the other publications. We also calculated
the positive predictive value for the complete number of pri-
mary publications, defined as the proportion of reference publi-
cations among all publications selected by the search (“preci-
sion” used in other bibliographic publications).
To test the generalizibility of the search strategy to a spe-
cific topic in the complete Medline database, we used our
most extended search strategy for a review on the accuracy
of physical diagnostic tests for the diagnosis of meniscal le-
sions of the knee. The results were compared with those of




Hand searching identified 75 (3%) primary publications
on test evaluation from a total of 2467 papers in the nine
journals from 1992 through 1995 (these 75 publications
were denoted the reference set) (Table 1).
The sensitive Haynes search found 192 publications on
diagnosis, of which 55 concerned diagnostic test evaluation
according to the reference standard; 137 publications were
therefore classified as false positive according to the refer-
ence standard, and formed the control set. The publications
were cross-checked in the journals concerned, and none cor-
responded with our definition of primary publications on di-
agnostic test evaluation.
Table 2 shows the list of Mesh terms and text words re-
lated to diagnosis or test evaluation with the respective
number of true positives, sensitivity, number of false posi-
tives, specificity, and diagnostic odds ratio for discriminat-
ing the reference set from the control set.
 
Table 2
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51 (68) 66 (52) 2.3
Predicitive value 18 (24) 13 (91) 3.2
ROC 6 (8) 2 (99) 8.6
Mass screening 11 (15) 9 (93) 2.3
Reproducibility 10 (13) 6 (96) 3.6
False-positive reactions 3 (4) 1 (99) 4.1
False-negative reactions 5 (7) 2 (99) 7.5
Logistic modeling 2 (3) 1 (99) 3.1
Regression analysis 4 (5) 0 (100) —
Sensitivity and specificity (exploded





Sensitivity 31 (41) 20 (85) 3.9





35 (47) 96 (30) 0.38
Predictive value 14 (19) 6 (96) 5.6
ROC 4 (5) 1 (99) 5.2
Screening 24 (32) 17 (88) 3.5
Reproducibility (or reliability) 7 (9) 5 (96) 2.4
False positive 3 (4) 0 (100) —
False negative 6 (8) 1 (99) 8.6
Logistic regression 7 (9) 2 (99) 9.8
Likelihood ratio 4 (5) 2 (99) 5.2
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The Mesh terms “sensitivity and specificity” (which to-
gether form one Mesh term) and “diagnosis” proved to be
the most sensitive ones. On the other hand, “diagnosis” had
the lowest specificity, resulting in the lowest diagnostic
odds ratio, together with “mass screening.” The Mesh term
“sensitivity and specificity” had a three times higher dis-
criminative power than “diagnosis.” “False-negative reac-
tions” and “ROC” also had relatively high diagnostic odds
ratios, but low sensitivities.
For the text words, sensitivities were lower than for the
corresponding Mesh terms, but the words “sensitivity” and
“specificity,” and all forms of the word “diagnosis,” had
higher sensitivities than the other text words, as was the case
for the Mesh terms, except for “screening.” Of these four
text words “specificity” had the highest specificity in the de-
tection of the relevant publications, while the text word “di-
agnosis” had a very high number of false positives, resulting
in a diagnostic odds ratio of less than 1. From these only
“specificity” had a very high diagnostic odds ratio.
Logistic modeling, aimed at optimal discrimination be-
tween the two sets of publications, resulted in the following.
With only Mesh terms, the model ended up with the
terms “sensitivity and specificity” (exploded: including
“predictive value” and “ROC”). It correctly classified 47 of
the 75 (63%) publications on diagnostic test evaluation and
108 (795) of the 137 publications in the control set.
Expanding the above model with text words resulted in a
set of five terms: the Mesh term “sensitivity and specificity”
(exploded) and, cumulatively, four text words: “specific-
ity,” “false negative,” “accuracy,” and “screening.” The op-
timal model here included only “sensitivity and specificity”
(exploded) and the text word “specificity”: it correctly clas-
sified 54 (72%) of the reference set and 105 (77%) of the
control set.
The four different models including text words were sub-
sequently used as search strategies in Medline for primary
publications on diagnostic test evaluation in the nine jour-
nals from 1992 through 1995, and compared with the results
of the search strategy used by Haynes. This resulted in the
identification of at least 53 (71%) and at most 67 (89%) of
the 75 papers on diagnostic test evaluation, compared to the
55 identified by the sensitive Haynes strategy.
On the other hand, 36 to 193 false-positive publications
were selected compared to the 137 selected by the Haynes
search. Adding the text word “screening” to the strategy in-
creased the sensitivity from 80% to 89%, but decreased the
specificity from 97% to 92%, resulting in twice the number
of false-positive abstracts.
The most accurate Medline search strategy combined the
Mesh term “sensitivity and specificity” (exploded) with the
text words “specificity,” “false negative,” and “accuracy.” It
resulted in a sensitivity of 80.0% (60/75; 95% CI: 71.0–
89.1) and a specificity of 97.3% (2327/2392; 95% CI: 96.6–
97.9), both higher than the sensitive Haynes search with
73.3% (95% CI: 63.3–83.3) and 94.3% (95% CI: 93.3–
95.2), respectively. Positive predictive value and DOR were
48% (95%CI: 40–56) and 143 for our strategy, versus 29%
(95%CI: 23–35) and 45 for the Haynes search, respectively.
The various strategies and their validity estimates can be
found in Table 3.
The most sensitive search strategy (No. 4, Table 3) was
used in another standard set including 33 papers on physical
diagnostic tests for meniscal lesions. Our strategy resulted
in a sensitivity of 61% (20/33) and a predictive value of
 
Table 3





























Strategy 1 sensitivity and specificity (exploded) (sh) 70.7 (60.4–81.0) 98.5 (98.0–98.9) 158
specificity (tw)
Strategy 2 sensitivity and specificity (exploded) (sh) 73.3 (63.3–83.3) 98.4 (97.9–98.9) 170
specificity (tw)
false negative (tw)























4.7% (20/428), versus 45% (15/33) and 3.4% (15/441) for




When using computerized bibliographical databases for
literature searches we are confronted with various possibili-
ties and limitations. Advantages of computerized biblio-
graphical databases are that they cover a considerable
amount of the most important medical literature and are ef-
ficient to use if one has some experience. However, they
cover only a limited number of journals, encounter various
delays in entering publications for different journals, and
the labeling according to keywords—as Mesh terms in
Medline—is not completely accurate. On the other hand,
searching by hand is cumbersome and time consuming [5].
A well-considered and accurate search strategy is, of
course, of the utmost importance. The new model including
the text words “specificity,” “false negative,” and “accu-
racy,” in addition to the Mesh term “sensitivity and specific-
ity” (exploded), is more sensitive, and its specificity is sig-
nificantly higher than the most sensitive Haynes search
strategy for diagnostic publications [7]. The increase in
specificity is small, but in our example it reduces by half the
absolute number of false-positive abstracts that have to be
screened. The strategy (including only the text words “spec-
ificity” and “false negative” in addition to the Mesh term),
with an identical sensitivity to that of Haynes, reduced the
number of false positives to a quarter. The most sensitive
strategy, adding the text word “screening,” decreased speci-
ficity considerably. This strategy identifies publications on
the evaluation of screening activities that have not been de-
tected by other strategies.
Haynes'search strategies were developed on a set of pub-
lications of 10 major peer-reviewed journals of internal
medicine and general medicine from the years 1986 and
1991. Inclusion of reviews and case reports, as well as the
definition used for a diagnostic publication—“Content per-
tained directly to the evaluation of a disease process” [7]—
may be an explanation of the higher accuracy obtained in
his study.
While the need for the highest accuracy—the highest
possible sensitivity combined with the highest possible
specificity—is obvious, the balance between sensitivity and
specificity can be a point of discussion. In principle, the in-
tention is to identify all publications in the field of interest,
but the most sensitive search is weak in specificity. This
will not be a problem in fields of research with a limited
number of publications, but in fields with a considerable
number of publications, it can imply that a great number of
abstracts have to be screened, which will later have to ex-
cluded. The purpose of the search is therefore important. If
publications are being collected for a systematic review or a
meta-analysis, one has to accept search strategies with a low
specificity. Future research should evaluate in which way a
more accurate, but less sensitive, search strategy affects the
conclusions or pooled estimates in reviews and meta-analy-
ses, as the most important studies will probably be detected
anyway.
When reviewing the literature to obtain initial evidence for
the development of research protocols, discussing the litera-
ture with residents or students, or preparing lectures, less sen-
sitive but more specific searches can be less time consuming,
and thus more suitable. On the other hand, if the interest is di-
rected towards publications on screening activities, it is better
to use a strategy including the word “screening.” 
The newly developed strategies have the advantage that
they are specifically focused on diagnostic literature con-
cerning test evaluation (i.e., the literature needed to perform
a diagnostic meta-analysis). They can be applied to any
field of interest, as is the case of the strategies developed for
clinical trials [3]. Whether they really have an advantage
over the recently published subject-specific search strate-
gies [11], once subject-specific search terms are added, has
yet to be established and, if possible, should be tested on the
same data. The results obtained for the field of meniscal le-
sions of the knee seem promising, but also show the still
limited sensitivity of these strategies in different areas of
medical research. The newly designed strategies should be









[1] Buntinx F. The Cochrane collaboration, information overload and
European general practice. Eur J Gen Pract 1995;1:11–12.
[2] Mulrow CD. Rationale for systematic reviews. BMJ 1994;309:597–9.
[3] Dickersin K, Scherer R, Lefebvre C. Identifying relevant studies for
systematic reviews. BMJ 1994;309:1286–91.
[4] Lowe HJ, Barnett GO. Understanding and using the Medical subject
Headings (Mesh) vocabulary to perform literature searches. JAMA
1994;271:1103–8.
[5] Jadad AR, McQuay HJ. Be systematic in your searching. BMJ 1993;
307:66.
[6] Jadad AR, McQuay HJ. A high-yield strategy to identify randomized
controlled trials for systematic reviews. Online J Curr Clin Trials
1993; Doc No 33.
[7] Haynes RB, Wilczynski N, McKibbon KA, Walker CJ, Sinclair JC.
Developing optimal search strategies for detecting clinically sound
studies in Medline. J Am Med Informatics Assoc 1994;1:447–58.
[8] Marson AG, Chadwick DW. How easy are randomized controlled tri-
als in epilepsy to find on Medline? The sensitivity and precision of
two Medline searches. Epilepsia 1996; 37:377–80.
[9] McKibbon KA. Beyond the ACP Journal Club: how to harness Medline
for diagnostic problems. ACP Journal Club 1994 Sept/Oct A10–12.
[10] Irwig L, Tosteson ANA, Gastonis C, Lau J, Colditz G, Chalmers TC,
et al. Guidelines for meta-analyses evaluation diagnostic test. Ann In-
tern Med 1994;120:667–76.
[11] van der Weijden T, Ijzermans CJ, Dinant G, van Duijn NP, de Vet R,
Buntinx F. Identifying relevant diagnostic studies in Medline. The di-
agnostic value of the erythrocyte sedimentation rate (ESR) and dip-
stick as an example. Fam Prac 1997;14:204–8.
